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INTRODUCTION

Currently there are intense industry-wide efforts in searching for newi@ectric constant (low-
k) materials for use in future generationsutifalarge scale intergrated circu{tdLSI). The new
low-k (< 2.5) materialsare expectegoon toreplace silicon dioxidek(=4) asthe interlayer in
multi-level interconnect scheme, reducing substantially the interconnect RC délaglirtircuits.
There are aumber of regirements fahe new lowk materials, such as lodielectric constant,
thermal stability(400°C or higher)peing electrically insulating, high mechanical strength, and
good adhesion to neighboring layers. These stringent requirements have teducaadidates to
poroussilica and afew carbon-based materialdmong themfluorinated amorphouscarbon
(a-CFE) [1-3] andparylene[4,5] polymer thin films showedsignificant promise. Since these
materials are new in I@pplications, a complete understandinghaf properties of thedéms is
essential before they can be reliablsed in futureULSI circuits. Some high-resolution X-ray
spectrscopy studies have been performed on a@Fparylene polymer thin films [6].

EXPERIMENT
The experiments of Cls absorption anKa
emission were performed aeamline 7.0 at 16}
ALS, LBNL. The beamlinecomprises a 99-
pole, 5 cm period undulator and a spherica
gratingmonochromator [7]. XASspectra were
obtained bymeasuringthe total electron yield
from the sample. The resolution of the
monochromator wasset to 0.15 C 1s
absorption edge.The XAS spectra were
normalized to the incidemthoton currentising
a clean gold mesh to correct for intensity 282 287 292 297
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fluctuation of the phOto.n beam.The XE.S Figure 1. CK-edge absoﬁ)(tio)n spectra of Pa-N
spec_tra _We_re recordeasing a high-resolution and a-Ck films prepared at substrate temperajure
grazing-incidence x-ray fluorescencel of room temperature, 180, and 350°C. These
spectrometer [8]. During the XES |spectra were normalized at 297 eV.
measurementhe overall resolutiowas about
0.5 for CKa emission.
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RESULTS and DISCUSSION

Figure 1 showshe C 1s absorption spectra dPa-N and three a-CFfilms grown atroom
temperature, 180°C, and 350°Detailed localbonding information of theseew films can be
obtained from comparing with existing literature on simple fluorocarbon molecules
\cite{MCI87,STO92}.



In Figure 2 the C K-emission spectra of

amorphous carbon, a-C&nd Pa-Nareshown. 12

From comparing with a-C, the intensity [ A ~o—-aCFxRT ||
centeredaround 275 eV is mostidue to C-C i
bands. More importantly, ithe region of282- 08T % [ —v-ac

285 eVthere islittle intensity in the spectra of
Pa-N and amorphouscarbon. The intensity in
the spectra of a-Gks mostlydue to F-induced
states and due to tremorphousnature of the
films. Since these states are at the top of the oo}
valencebands, this has important implicationy . 0 >0 pv
in the electricaproperties of these a-CHIms, _ Energy (eV)
it narrows the band-gap. Becausthe x-ray Figure 2. CK-edge emission spectra of Pa-N ang
. . a-CF, films prepared at substrate temperature of
absorption spectra of a-Ckand Pa-N films  |;qom temperature and 350°C.
have similar threshold, wean argue that the
band-gap of a-CHs about 2 eV smaller than that of the Pa-N. Again beddedsand edge is not
well definedfor amorphous films thisonclusion is venyualitative. The effect of the core hole
needs to be considered as wélualitatively this conclusion isupported bythe fact thaa-CF, is
not as good an insulator as Pa-N.
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